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CHAPTER I. INTRODUCTION 
Demand and supply are the fundamental factors in the price 
determination process. In order to do empirical price analysis, it is 
important to have accurate estimates and a clear understanding of past 
relationships between quantity and prices. In general, economists use 
regression analysis to get estimated demand and supply equations. This 
estimation technique usually assumes that the parameters of the equation 
are constant over all the observations. Sometimes, however, exogenous 
shocks i n the economy, such as shifts in consumer preferences, adoption 
of new technology, public policy changes or changing phases of the 
business cycle , lead to permanent changes in behavioral relationships . 
Hence , it is often suggested that assuming constant parameters in a 
regression relationship may not be valid. It may be more plausible to 
assume that the parameters of the demand or supply relations are 
varying continuously over time, or, alternatively, change between 
successive time intervals . Such a change in the regression parameters 
is called structural change. Poirier' s (1976) interpretation of 
structural change is that structural change occurs whenever the 
parameters of an economic model change within the sample period in 
response to forces within or outside the model. 
In this context , demand and/or supply equations are envisioned 
as changin g over time so that the constant coefficients of regression 
equations will not accurately represent the relationships which 
prevailed in any of the subperiods. In order to model structural change, 
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we can a llow the parameters of a n econometric model t o change so that 
the model provides a better approximation of the behavioral 
relationships. 
Objectives 
The purpose of this s tudy is to apply statistical techniques to 
empirically examine structural change in economic relationships for 
milk produc ts using a linear econometric model. If a disrupt ive 
exogen ous s hock affects the behavioral relationships , for 
example a war, then a test for structural chan ge i s easily 
accomplished. However, i f an a pproximation of the economic relationship 
must be construc ted and es timated using regress i on analysis, then 
several statistical techn i ques are available t o estimate and test the 
significance of the structural change. In this s tudy , we construct an 
empirical model of demand for four milk pr oducts . Since perfect 
knowledge about the fact ors tha t af fect the demand for these pr oduc t s 
is unavai lable, a s t atistical approach will be described a nd used t o 
analyze the struc tural change in these retail demands. 
In brief, we apply statistical techniques to empirically demonstra te 
the detection of structural c hange in the demand fo r four da i ry produc ts . 
The following procedure is used : 
1 . Construct empirical linear models of demand for fluid 
mi lk, evaporated milk, nonfat dry milk, and dry whole milk . 
2 . Estimate the point(s) at which structural change(s) 
appear(s) t o have occurred. 
3 
3. Test whether the structural change(s) that have taken 
place are statistically significant. 
4. Evaluate the ex post predictive ability of the estimated 
equation to provide further evidence of structural change. 
Outline of Remaining Chapters 
In this study, Chapter II reviews statistica l techniques used t o 
detect structural change and reviews previous empiric al s tudies of 
structural change. Chapter III outlines a demand system f or f our dairy 
products which will be used in this study, describes the data which are 
required in this study, and discusses in detail the procedures of 
empirical analysis. Chapter IV presents the results of the statistical 
analysis of structural change . Chapter V eva luates the accuracy of 
consumption forecasts which incorporate struc tural change. Finall y , 
Chapter VI presents the sutmnary and conclusions of this s tudy. 
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CHAPTER II. REVIEW OF LITERATURE 
In recent years, much a ttention has been focused on the estimation 
of structural change . Several relevant studies are contained in the 
literature . In this chap ter, we will ~irst discuss the types of 
structural change that are under investigation . Then, studies that 
estimate the points a t which structural change occurred wil l be 
reviewed . Third, studies which deal with methods of testing for 
structural change will be presented. Fourth, studies which develop 
models that simultaneously detect possible points and test for the 
significance of structural change will be discussed. Finally, studies 
dealing with empirical applications of structural change models will 
also be presented. 
The Types of Structural Change 
An unstable regression relationship may be caused by different 
kinds of shocks. According t o the type of shock, we can divide the 
structural change of regression into two types . 
The structural changes in time series is one type. During the 
entire period, the exogeneous shocks such as war, public policy, or 
taste change may result in the change of the regression relationship. 
Ther efore , there are different regression relationships for different 
time periods. 
The other type is the structural change in cross-sectional series. 
The endogeneous var iable such as the price variable of demand function 
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may have knots so that the regression relationship is formed as the 
grafted function . Therefore, different regression equations are 
formed over di fferent segments. 
Es t ima t ion of Points of Struct ur al Change 
Usually, the points of structural change are not known precisely . 
Thus , we should pres pecify the possible points at which the structural 
chan ge occurred before we test whether there is structural change. 
The CUSUM test is a technique for identifying the points of structural 
change. 
The CUSUM test is the cumulative sums tes t . Thi s test is 
suggested by Br own et al . (1975) . The basic regression model which 
they considered is 
t = 1, 2, . .. , T (2 .1) 
where the subscript t is the time period , Yt is the observation on the 
dependent variable , and X is the column vector of observations on K 
t 
regressors . The column vector of parameters, St' is written with the 
subscript t to indi ca t e that it may vary with time . In addition, the 
error terms , Ut, are assumed nonnally and independent ly distributed 
2 
with mean zero and variance at , t = l, 2, . . . , T. The null 
ST = B. which implies that the 
random parameters, st. are the same and there is no structural change 
over time . The CUSU}1 test uses the recursive residuals, W , and is 
r 
6 
based on the plot of the CUSUM quantities 
v 
r 
1 
r 
E 
& k+l 
w. 
J 
r = k+l, ... , T (2 . 2) 
where recursive residuals, W , are defined t o be uncorrelated with 
r 
zero means, constant variances and 
w 
r 8(1 + 
y - x 
r r 
b r-1 
x ]-1 
r-1 
l ' x )~ 
r 
r = k+l, ... , T (2 . 3) 
More specifical l y, W is the standardized prediction error of Y when r r 
2 
predicted from Y1, Y2, ... , Yr-l' and cr denotes the estimated standard 
T 
deviation computed as cr 2 = ST/(T- k) , where ST= E 
j=k+l 
2 w .. 
J 
Under 
the null hypothesis, the sequence vk+l' ... ' vr is a sequence of 
approximately normal variables such that 
E(V ) 
r 
V( V ) 
r 
0, 
r-k, and 
C(V , V ) 
r s min ( r, s ) - k . 
(2 . 4) 
If we wish t o f ind a line such that under H the probabil ity that the 
0 
sample path l i es above the l ine a t any point between t =k and t=T is 
constant, we can form the family of pairs of straight l ines t h r ough the 
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points {k + a I T-k }, {T ± 3a /T- k } , where a i s a parameter . Useful 
pairs of values of a and a are 
a = 0 . 01 , a = 1 .143 
a = 0 .05, a = 0.948 
0.10, a = 0.850 . (2.5) 
If the sample path travels outside the region between the lines, then 
the null hypothesis is rejected. 
Tests for Significant Structural Change 
In this section, we assume that information about the points of 
structural change are known ~ priori or that the points have been 
prespecified . In this case , the concern is whether the structural 
change is significant. 
The works of Chow (1960) , Fisher (1970) , and theory of t he linear 
spline are three of the best known and most s traigh t forward appr oaches 
t o the evaluat i on of struc tura l change . 
Chow test 
The Chow test compar es the coefficients in two regressions. The 
results of Chow's (1960) paper can be summar ized b r iefly : 
To test the equality between set s of coefficients in two 
linear r egressions , we obtain the sum of s quares of residuals 
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assuming the equality a nd the sum of squares without 
assuming the equality. The ratio of the difference 
between these two sums to the latter sum, adjusted for 
the corresponding degrees of freedom, will be distributed 
as the F ratio under the null hypothesis (no structural 
change). 
Operationally, to test the homo geneity of the sets of coefficients in 
two regressions, we have the models: 
I 
yl = ~ Bl + ul fM the first n observations 
with k explanatory variables 
(X ' s) 
I 
y2 = x2 B2 + u2 for the next m observation s 
with the same variables (X ' s) (2 . 6) 
Assuming that u1 and u2 have identical variance-covariance 
2 2 
structures, cr
1 
I = a
2 
I, the model can be rewritten as: 
+ (2.7) 
0 
Unde r the null hypothesis (H
0 
B
1 
= B
2 
= B, i.e., no change in the 
structural parameters has taken place), the restricted model is 
9 
= B + ( 2 . 8) 
We obtain t he s um of squares of the residuals under the null hypothesis 
using Equation (2 . 8) and under the alternative hypothesis using 
Equation (2 . 7). 
respectively. 
Denot e these sums of squares as SS and SS , o a 
The degrees of freedom of SS is m + n - k and the 
0 
degrees of freedom of SS is m + n - 2k . If the null hypothesis is a 
true, then the rat io 
(SS -SS )/k o a 
SS /(m-n-2k) a 
(2 . 9) 
can be shown to follow an F dis tribution with k and m-n-2k degrees o f 
freedom . This F statistic can be used to test whether the null 
hypothesis of a single set of parameters seems consistent with the 
data. 
Fisher's test 
Fisher ' s approach is a generalization of Chow's . He discusses 
the equality test for (1) a subset of coefficients in a single 
regression , (2) all regression coefficients in two regressions, and 
(3) a subset of coefficients in two regressions . These three problems 
utilize the same basic theory . The equality of the entire set of 
regression coefficients is a special case of that considered in the 
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problem of equality of a subset of coefficients. To test the statistical 
significance of a structural change between two or more specified 
periods, the F test is constructed. The construction of the F 
statistic is the same for the Chow test. 
Linear spline transformation model 
The testing techniques described in Chow (1960) and Fisher (1970) 
are two of the more popular techniques. These techniques are useful in 
testing for differences in parameters in different time periods or 
differences in parameters for qualita t ively different populations in 
cross-section models (e . g ., responses differ according to ethnicity or 
sex). It is possible, however, that the cause of the structural change 
is a quantitative and continuous variable which affects a slope of the 
demand function. In this event, linear spline models are chosen t o 
represent the structural change. Poirier (1976) has defined the linear 
spline as the following: 
Let the sets= (X1 < x2 < • . . < ~-l) of abscissa 
values be referred to as a mesh and the k-1 individual 
points X. (j = 1, 2, . .. , k-1) as interior knots or 
J 
simply knots. Then, the dependent variable Y is a 
linear s pline S(X) over S if and only if Y is a 
continuous piecewise linear fun ction in X consisting 
of k segments defined over the k intervals 
(- 00 , X1), (X1 , x2), .• . , (~_1 , oo), respec tively . 
Denote Y1 , Y2 , .. . , Yk-l as the ordinate values at the 
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interior knots xl , x2' .. . , ~- 1' a nd yo a nd yk are the 
ordina te values which map the two end kno t s' XO < x l and 
~ > ~-l' respec tively . 
W t · ht i · · for the J. th t e can get a s raig ine equation segmen as : 
Y. 
S (X) = Y. l + J J - x. 
J 
- Y. l J -
- x. 1 J-
(X - X. 1) 
J -
(2 .10) 
where X. 
1 
< X < X. . Po irier then defines the K tran sfor med variables: 
J - J 
wl x 
w. max (X - x., O) 
J J 
x - x. l ' if x > X. l J - J -
(2 . 11) 
0, if x < x. 1 J -
for j 2 , 3 , ... , k. 
Therefore, for any X, the linear s pline S(X) can be written a s 
S (X) (2 . 12) 
Fr om this splin e , the slope of the jth segment is 8
1 
+ 8
2 
+ . .. + 8j , 
j = 1, 2, . .. , k . Since 8 . =0 fo r j = 2, 3 , . .. , k implies the same 
J 
slope over interval j - 1 and j, we can ge t the t-ratio corresponding t o 
12 
S. for j = 2, 3, . .. , k to test the significance of the change in 
J 
slope over interval j - 1 and j. If the t - value corr esponding to j is 
significant, then structural change occurs a t X. 
1
. 
J -
Detecting and Testing Structural Change 
Quandt's Likelihood Radio Technique (1958, 1960) was derived to 
estima te the points of structural change and conduct a test for the 
significance of structural change . The regression model used t o 
estimate the points of structural change is 
and 
(2 .13) 
where Ult - N(O, 
2 
cr 1) and u2t - N(O, 
2 
cr 2) and the point of structural 
change occurs at t = no. If no is known, then we can easily estimate 
a separate regression equation for each of the time periods . In 
practice, n
0 
needs to be estimated . If the variances of the errors 
in both the regimes a r e assumed equal (cri = cr~), we can estimate n
0 
by 
looking a t the sum of two residual sums of squares for different values 
of n0 and then choose the value of n0 which minimizes this sum . If 
h . 1 . 2..L 2 h . t e error variances are unequa, i . e ., cr1 r cr 2, ten we can estimate n0 
by maximizing the log- likelihood f unc tion 
* L(Yi n0 ) 
* no 
13 
02 
* -(n-n ) 
0 
{- ~1~ L (Y - X1 0 ) 2 exp 2 t t µl 
2a1 t=l 
(2 .14) 
* This maximization is performed by choosing an estimator for no, no, 
* which maximizes the likelihood L(Y in0). For testing the hypothesis 
that no structural change occurred, Quandt used the likelihood ratio 
( 2.15) 
where L(Q) is the unrestricted maximum of the likelihood function over 
the entire parameter space Q and L(W) is the maximum of the likelihood 
f unction over the space W defined by the hypothesis. In this case , 
we can obtain a likelihood r a tio as 
" n a 
(2.16) 
" where a is the estimated standard deviation of the residuals f rom a 
single regression over the entire sample. 
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The Empirical Applications 
Nyankori and Miller (1982) used quarterly data from 1965 through 
1979 and linear spline functions to test hypotheses about structural 
changes in ret ail demand for beef, chicken, turkey, and pork. In the 
absence of information about the exact point where structural change 
took place, the cumulative sums of squares test was used t o determine 
points of structural change . The results of this paper showed evidence 
that structural change occurred during the sample period in the beef 
and chicken demand functions, but not in the pork and turkey demand 
functions . 
Chavas (1983) presented a method utilizing linear economic models 
to investigate structural change in economic relationships . Using 
an approach that assumes parameters can change randomly from one 
period to another, Chavas addressed structural change in the demand 
for poultry, pork, and beef during a 1950 through 1979 sample period . 
This paper concluded that no structural change occurr ed in the demand 
for pork, while structural change in the demand for poultry and beef 
was detected in the 1970s. 
Braschler (1983) specified the retail price of pork and beef 
as the dependent variable. Ordinary least squares were used for 
parameter estimation, and the switching regression model (Madalla, 1977, 
pp . 390- 403) was used to divide an overal l time period into two periods . 
A dichotomy of the sample period resulted in a minimum sum of error 
sums of squares. The Chow test was used t o test the significance of 
structural change between these two periods. The analysis of pork 
15 
data using the regression switching pr ocedure resulted in a division 
of the 1950- 1982 sample period into a 1950- 1969 subperiod and a 
1970- 1982 subperiod. When the procedure was applied to the beef 
data, the sample period was divided into a 1950- 1970 subperiod and 
1971-1982 subperiod . The results of the Chow test indi cate that 
structural change in the demand for both pork and beef was significant . 
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CHAPTER III . MODEL PROCEDURES AND DATA 
Of primary importance in this study is the development of a method 
for invest igating structural change. In this chapter, the model used 
for the analysis will be presented, the s t atistical test for examining 
structural change will be discussed, and then the data required fo r 
this research will be described. 
Theoretical Model 
In this study, the per capita consumption of each commodi t y is 
expressed as a linear function of its own price, the price of other 
goods , and income . That is, we consider a linear demand model of the 
form : 
(3 .1 ) 
where 
Qit per capi t a consumption of good i in period t . 
pit price of the 
. th commodity in period t . 1 
pjt price of the 
.th commodity in period t. J 
y 
t = per capita income in period t. 
CPit consumer price index in period t. and 
eit a random error term . 
The problem is to test whether the demand relationship f or 
specified commodities remains stable during the period under study. 
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The null hypothesis is that no change in the demand structure oc curred 
during the period of study . The alternative hypothesis is that the 
demand relationships changed during the sample period . 
The var iables included in the empirical demand analysis are: 
Dependent variables 
FQ per capita consumption of fluid milk in pounds) 
EQ per capita consumption of evaporated milk in pounds, 
NQ per capita consumption of n onfat dry milk in pounds, and 
WQ per capita consumption of dry whole milk in pounds; and 
Independent variables 
RPF real retail price per pound f or fluid milk, 
RPE real retail price per pound for evaporated milk, 
RPN real retail price per pound f or nonfat dry mi lk , 
RPW real retail price per pound fo r dry whole milk, and 
RY real per capita income . 
Hence , the empirical demand model f or t he milk system can be 
stated as 
FQ al + bl RPF + c l RY + d 12 RPE + dl3 RPN + d14 RPW + el 
EQ = a2 + b2 RPE + c2 RY + d22 RPF + d2 3 RPN + d24 RPW + e2 
NQ a3 + b3 RPN + c3 RY + d32 RPF + d33 RPE + d34 RPW + e3 
WQ = a4 + b4 RPW + c 4 RY + d42 RPF + d 43 RPE + d44 RPN + e 4 
(3 . 2) 
(3 . 3) 
(3 . 4) 
(3 . 5) 
s o tha t per capita consumption of f luid milk, evapor a ted milk, nonfa t 
dry milk, and dry whole mil k are expressed as linear f unct ions of the 
price of fluid milk, evapor a ted milk, nonfat dry milk, dry whol e mi l k, 
18 
and income, respectively. The error term is denoted by e. 
Empirical Procedure 
Regression analysis will be used to examine the stability over 
time of these empirical relationships. The discussion of the procedures 
used in the empirical analysis will focus on (1) the determination of 
the possible point(s) a t which the s tructural change took place, 
(2) tests for changes in individual coefficients of the demand equation, 
and (3) tests for structural change in the overall relationships . 
Identifying points of structural change 
The possible points of structural change are never known a priori, 
yet need to be specified so that significance tests can be conducted. 
There are many statistical techniques such as the Quandt's likelihood 
funct ion, the cumulative sum of recursive residuals, and the cumulative 
sums of squares of recursive residuals which could be used to estimate 
the possible points at which the s tructural change occurred. In this 
study, we use the cumulative sums of squares (CUSUMSQ) test which is 
suggested by Brown et al. (1975) to prespecify the point (s) of 
structural change . 
The CUSUMSQ test is based on recursively computed residuals and 
can examine structural stability by plotting of the quantities 
s 
r 
r 
2: 
j=k+l 
w2 I 
j 
T 
2: 
j=k+l 
w~ 
J 
r = k+l , . .. , T ( 3 . 6) 
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where k is the number of regressors, T is the number of obser vations, 
and the recursive residuals, W , are defined to be 
r 
w 
r 0<1 + 
' y 
r 
- x b 
r r-1 
x' rx' 
r r - 1 
x f 1 
r-1 
~ , 
x ) 
r 
r = k+l, ... , T . (3 . 7) 
These recursive residuals are defined t o be uncorrelated with zero means 
and constant variances. More formally, W is the standardized predic tion 
r 
error of Yr when predicted from Y1, Y2 , ... , Yr-l' Under the null 
hypothesis, S may be shown to have a beta dist ribution wi th mean 
r 
(r- k)/(T- k), i.e., E(S) = (r-k)/(T- k) . Given a significance level, 
r 
a pair of signi ficance lines with the general form of (r - k) / (T- k) c
0 
can be drawn. These two significance lines are parallel t o and 
symmetric about the mean value line, E(S ) . The significance value, 
r 
c
0
, can be obtained from Durbin's Table 1 (1969, p. 4) . To find the 
significance value , c0 , we consider two cases . If T-k is even, then 
the value obtained by entering the table at n = ~(T-k ) -1 and a , the 
significance level . Alternatively, if T-k is odd, the suggested 
procedure is to interpolate linearly between the value for 
n = ~(T-k)-3/2 and n = ~(T-k)-1/2. This procedure provides evidence 
of structural change at the point where the sample path of S moves 
r 
outside these significance lines . This technique is designed t o 
identify gr aphically the possible points of s tructural change. 
In this study, two kinds of the CUSUMSQ test a r e presented. One 
test examines structural stability by plotting the value of CUSUMSQ (S ) 
r 
20 
against the ordered own price sequence, the other one considers 
stability of regression by plotting the value of CUSUMSQ (S ) over 
r 
time. The results of the former can denote the possible break points 
among all own price observat ions . The results of the latter can 
identify the possible points of s tructural change over time. 
Testing for change in individual coefficients 
A linear spline function (Poirier, 1976) can be used t o detect a 
change in an individual coefficient. The linear demand equations can 
be respecified as a linear spline function by the following 
transformation . 
First, the CUSUMSQ test, when applied over observat ions on prices, 
identifies the possible points at which the structural change may have 
occurred in the form of changes in the price slopes of demand functions. 
The values of each independent variable at these break points formed 
a set T such that: 
(3 .8) 
or 
(3 .9) 
h P h . f h ,th d' h b . . w ere . represents t e price o t e i comma ity , t e su script m is 
i 
the number of the segments in the observation sequence, and Y is per 
capita income. The elements of set T can be referred to as interior 
knots. 
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We can then define the tra nsformed variables: 
x . 
mi 
for m 
'D - p 
E it m- 1, i if pit > pm-1,i 
0 
2, 3, •.. , N. (3.10) 
For the independent variable Y (per capita income), the transformed 
variables can be expressed as: 
wl yt 
yt - y if yt > y m-1' m- 1 
w 
m 
0 if y < t-
y 
m- 1 
for m = 2 , 3 , •.. , M. (3 . 11) 
A linear spline for P., S(P.) , can be written as 
1. ]. 
(3 . 12) 
and for Y, a linear spline S(Y) can be written as 
(3 . 13) 
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where the coefficients b
1 
and c
1 
represent the slope of the spline 
over the firs t interval for price and income, respectively. The 
remaining coefficients, b , m = 2, 3, 
m 
.•• , M, and c , m = 2 , 3, .. . , M, 
m 
represent the differences between the slopes over segments m-1 and m 
for price and income, respectively. 
By substituting S(P.) and S(Y) i nt o the linear demand functions, 
l. 
a linear spline demand function for connnodity i can be expressed as 
Qt aO + bl Xl + b2 X2 + ... + bM ~ + clWl + c2 W2 
3 
l: 
j=l 
(3.14) 
This reformulation of the demand model as a linear spline f unction can 
be done for any number of independent variables so that the P 's 
jt 
can also be represented as linear spline transformations . 
Standard t-tests on b and c , m = 2, 3, ... , M, can be used to 
m m 
test fo r changes in individual coefficients on price and income , 
respectively . These hypotheses can be stated as 
and 
H : b 
o m 
H : c 
o m 
0 versus H: b i 0 for each b , m = 2, 3, .. . , M a m m 
0 versus H: c I 0 for each cm, m = 2 , 3 , . . . , M. a m 
Nonrejection of the null hypothesis implies in either case that there 
is no discrepancy in an individual coeff i cient over segments m-1 and m. 
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This test i s a straightforward statistical technique which uses a t - test 
t o examine the change of an individual coefficient. 
Tests for structural change in the overall equation 
In this section , a statistical test fo r structural change in the 
whole demand equation ins t ead of the individual coefficients will be 
described. It is possible that the effect of a change in an individual 
coef ficient is offset or reinfor ced by changes in the coefficients 
on the other independent variables . Therefore, a method 
to examine structural change in the overall relationship is necessary. 
Tbe Chow test can be used to test for the existence of multiple 
structural changes . 
It is necessary t o have information about the point of structural 
change before using the Chow test . This information can be obtained 
from the CUSUMSQ test. Suppose the results of CUSUMSQ test indicate 
that the sample period should be divided int o two segments . Let t
1 
and t 2 be the number of observation s in each of the respective 
segments, and the sum of t
1 
and t 2 is the number of observations in 
the sample period, T . To determine whether structural change has 
occurred be tween the first and second time interval, we can estimate 
separate regression equations for the fi rst t
1 
observations and the 
additional t 2 observations . I f the s tructure has c hanged, the second 
segment will not have the same f unctional fo rm as the f irst segment . 
We can use the Chow test to determine the statistical significance of 
a structural change over these two specified periods. 
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To employ the Chow test, we represent the demand equation for 
commodity i as: 
and 
Period I Model: 
a ' + b' 
Period II Model: 
P. y 
a " + b" ( J. ) " + c" ( ) " + d" CPI t CPI t 
3 
[ 
j =l 
In our empirical a nalysis, there are four dependent variables 
( 3.15) 
(3 .16) 
and five independent variables . Therefore, the per iod I model has t
1 
observations and six explanatory variables, and the period II model 
has t 2 observations and the same six explanatory variables . The 
stochastic error terms (e ' s) are assumed to follow a normal distribution 
with zero mean and constant variance . 
To perform the test , both models are estimated and the error sums 
of squares are calculated. Let ESSI and ESSII denote the error sum 
of squares for period I and period II, respectively . The degrees of 
freedom for ESS1 , dfe1 , is t 1-6 and the degr ees of freedom f or ESs11 , 
dfe11 , is t 2-6. We can also calcula t e the error sum of squares for 
the unrestricted model, ESSU, where ESSU ESSI + ESSII with degrees 
of freedom dfeu = dfe1 + dfe11 = t 1 + t 2 - 12 = T - 12 . 
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Under the null hypothesis, we can formulate and estimate a restricted 
model by stacking the two periods. For a specified commodity i, the 
restricted equation is 
( 3 . 1 7) 
The error sum of squares of this restricted equation is denoted as 
ESSR with degree of freedom dfeR = T-6. 
To test the hypothesis that all parameters are the same f or both 
periods, construct the F statistic: 
F(6, T-12) = 
(ESSR-ESSU) / (dfeR- dfeu) 
ESSU/ dfeu 
(ESSR-ESSU) / 6 
ESSU / (T- 12) 
(3 . 18 ) 
If the value of F ratio is not significant, then we accept the nul l 
hypothesis that there is no structural change and we can construct a 
single model for the entir e period of analysis. 
Data 
Fluid milk, evaporated milk, nonfat dry milk, and dry whole milk 
are four dairy products which are to be investigat ed for structural 
change. The data required to study structural change are ( 1) per 
capi t a consumption, ( 2) retail prices, (3) per capita disposable 
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incomes, and (4) the consumer price index. Per capita con sumption 
data are available in Food Consumption , Prices, and Expenditures 
published by the U.S. Department of Agriculture. Price data were 
obtained from several issues of Agricultural Statistics . Pe r capita 
income data were ob t ained from the Survey of Current Business published 
by the U.S. Department of Commerce. Consumer price index data are 
obtained from various issues of Statistical Abstract of the U.S., 
U.S. Department of Commerce. Monetary measurements are based on 1967 
prices. The time period covered fo r this study is 1940 to 1981, 
inclusive . This data, from 1940 to 1979, included 40 sets of 
observations and were used to estimate the demand equations for the 
dairy products involved. The 1980 and 1981 observations are used t o 
judge the forecasting accuracy of the estimated demand equations . All 
prices and consumption data are on an annual basis a t the retail level . 
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CHAPTER IV. RESULTS 
I n this c hapter, the r esults of the CUSUMSQ test , the l inear 
spline regression model, and the Chow test, all applied t o milk demand 
functions, will be presented. A comparison of the estimated coef ficien ts 
for diffe rent time intervals out of the sample period will also be 
discussed . 
Results of the CUSUMSQ Test 
The CUSUMSQ test is used to estimate possible point s of s tructural 
change . The results of this test applied t o the dairy pr oduct data 
are present ed in Figures 1 through 8 , where the cumulative sums of 
s quared residuals (S ), the mean value line (so lid line) showing 
r 
E (S) = (r-k)/(T- k), and the significance lines (dotted lines) ar e all 
r 
plotted. I n thi s s tudy , k=6, T=40, and the significance level a is 
given as 0 .1 . To con s truct t he s i gnificance value l i ne, the value of 
n should first be computed. In this s tudy , the value of T-k is 34, 
an even number so that n is computed as ~(T-k) - 1 or 16. From the 
Table of Significance Values f er the CUSUMSQ Test (Durbin, 1969, p . 4) , 
we can obtain the signi ficance value c0 = 0.25439 . The computed values 
of the cumula t ive sums of squar es (S ) against the own price 
r 
observations for fluid milk, evaporat ed milk, nonfa t dry milk, and 
dry whole milk are presented in Table 1 a nd plotted in Figures 1, 2 , 3 , 
and 4 , respectively . The computed values of the cumulative sums of 
squares (S ) against sample pe r iod fo r t hese four kinds of dairy 
r 
produc t s are presented in Table 2 and plotted in Figures 5 , 6, 7 , and 
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Figure 6. CUSUMSQ plot over time - evaporated milk 
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Table 1. CUSUMSQ (S ) r values over own price observation 
OBS R SF SE SN SW 
1 8 0.00005 0.00409 0.00158 0 . 4609 
2 9 0 .0059 2 0 . 03740 0 . 01839 0 . 04851 
3 10 0.00602 0 . 09132 0 . 01981 0.07041 
4 11 0 .00602 0 .12587 0.05927 0 . 08546 
5 12 0 . 06333 0 . 20978 0.06600 0 . 10295 
6 13 0 . 07033 0 . 21311 0.07444 0.12043 
7 14 0. 07240 0 . 21506 0.07647 0.15553 
8 15 0 . 11057 0 . 27303 0.10605 0 . 15555 
9 16 0 .12677 0 . 27622 0 . 10635 0 .15710 
10 17 0.18809 0 . 27898 0.10891 0. 15747 
11 18 0 .21937 0.28504 0 . 13004 0 .16865 
12 19 0 . 22301 0 . 28843 0.13234 0 . 17417 
13 20 0 . 24015 0 . 29638 0 .13564 0 . 19385 
14 21 0 . 26078 0 . 30172 0.13576 0 . 25697 
15 22 0 . 37645 0 . 43409 0 . 14376 0 .25 764 
16 23 0 . 38702 0 . 45177 0 . 17793 0 . 31340 
17 24 o . 39709 0 . 46468 0.37393 0 . 33341 
18 25 0 . 49922 0 . 47034 0 . 40429 0.35734 
19 26 0.51322 0.51043 0.41147 0 . 39291 
20 27 0 . 52358 0 . 52182 0 . 41478 0 . 44926 
21 28 0 . 57700 0 .53136 0 . 41545 0 . 45829 
22 29 0 . 58332 0.64740 0 . 44554 0 . 46055 
23 30 0 . 59282 0 . 72048 0.45090 0.50703 
24 31 0 . 60048 0 . 73009 0 . 45127 0 . 54654 
25 32 0. 71321 0 . 73028 0.48634 0 . 57667 
26 33 0 . 71769 0.76576 0 . 48636 0 . 57669 
27 34 0 . 80450 0 .81434 0 . 51003 0.59550 
28 35 0 . 8096 7 0 . 89992 0. 68119 0 . 61123 
29 36 0 . 81015 0 . 91363 0 . 94635 0 . 76126 
30 37 0.87771 0 . 91802 0 . 99791 0 .81119 
31 38 0.91027 0 . 91992 0.99869 0 . 89713 
32 39 0.98042 0 . 91994 0 . 99941 0 . 89726 
33 40 1.00000 1 . 00000 1 . 00000 1 . 00000 
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Tabl e 2 . CUSUMSQ (S ) values over time r 
OBS R SF SE SN SW 
1 8 0.01821 0.08328 0.01198 0 . 00280 
2 9 0 . 11789 0.09742 0 . 01278 0 .15665 
3 10 0 . 18229 0 . 09756 0 . 01456 0 . 16753 
4 11 0 . 19288 0.16684 0.02740 0 . 17149 
5 12 0.19477 0 . 32147 0.04572 0 . 18420 
6 13 0.21279 0.50467 0.04868 0 . 27079 
7 14 0 . 21333 0 . 54117 0.04901 0.27950 
8 15 0 . 21434 0.57815 0 . 08731 0 .28010 
9 16 0 . 22098 0. 58116 0 . 09593 0.28029 
10 17 0 . 23836 0 . 59238 0 . 10214 0 . 28771 
11 18 0 . 23841 0.60302 0.10748 0.29988 
12 19 0.27245 0 . 66431 0 .11410 0 . 31793 
13 20 0.33173 0 . 68169 0 . 12334 0 . 31941 
14 21 0 . 37543 o. 71880 0 . 12395 0.32846 
15 22 0.48200 0.73280 0 . 12447 0.32854 
16 23 0.52275 0.73940 0.14465 0 . 34735 
17 24 0.56325 0 . 76819 0 . 17670 0 . 36535 
18 25 0.56741 0.79255 0 . 29848 0 . 36826 
19 26 0 .59099 0.84761 0 . 49740 0 . 38057 
20 27 0.59859 0.84787 0 .54188 0 . 41275 
21 28 0.63579 0.85122 0 . 61216 0.50030 
22 29 0.69768 0 . 85569 0.62740 0 . 56238 
23 30 0.73774 0 .86133 0 . 63873 0. 60110 
24 31 0.82890 0. 87199 0 .67287 0.61524 
25 32 0.84963 0.87719 0 . 68235 0 . 63238 
26 33 0.85009 0 . 89180 0 . 76222 0 . 67 473 
27 34 0 . 85719 0.91566 0 .81154 0 . 68286 
28 35 0 . 85719 0.93945 0.81926 0 . 70901 
29 36 0 .87253 0.96472 0.86198 0. 71561 
30 37 0 . 88837 0 . 98209 0 . 87486 0. 73592 
31 38 0 . 90410 0 .98227 0.91849 0 . 73610 
32 39 0 .94743 0.99543 0 . 98872 0 . 83848 
33 40 1 . 00000 1.00000 1.00000 1 . 00000 
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8 , respectively. 
In Figures 1, 2, an d 4 , the computed values of cumulative sums of 
squares plotted against own price observations for flu id milk, evaporated 
milk, and dry whole milk, respectively, are a l l i nside the 10% 
significan ce line. These plots provide the eviden ce tha t there i s no 
break poin t over own price variables for these dairy products . 
In Figure 3 , the values of cumulative sums of squares are plotted 
against own price var iable for nonfa t dry milk . The intersections of 
the sample pat h and t he significance lines N
1
, N2 , N3
, and N4 den ote 
the poss ible points of coefficient change. 
Figure 5 shows that when plotted over time, the cumulative sums of 
squares for fluid milk a re all inside the 10% significan ce line. This 
plo t provides evidence that the demand for fluid milk does not display 
structural change over the sample period. Therefore, the null hypothesis 
that there is no st ructural change in demand fo r fluid milk is not 
rejected . 
In Figure 6 , the values of cumulative s ums of squares for evaporated 
milk are plotted again s t time. In this plot, El and E2 denote the 
i ntersections between the sample path and the significan ce lines . 
Therefore, it appear s that 1951-52 and 1966- 67 are points of structural 
change in the demand for evapor ated milk. 
In Figure 7 , Nl and N2 are t"Wo poin ts at which the sample path of 
cumulative sums of squares for nonfa t dry milk c ross the signi f i cance 
line. Thus, it appears that 1955- 56 and 1964- 65 are the points of 
structural c hange fo r nonfat dry milk. 
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Figure 8 plots the sample path over time of the cumulative s um of 
squares residuals for dry whole milk. The results obtained from this 
CUSUMSQ of recursive residuals graph are similar to the results 
presented in Figure 5 in that all the points of (r, S ) lie inside the r 
significance line. Therefore, it appears that the demand relationship 
for dry whole milk was stable over time. 
Results of the Linear Spline Equation 
The results of the previous section indicate that the demands fo r 
fluid milk, evaporated milk, and dry whole milk do not display 
coefficient changes. Therefore, we will apply the linear spline 
transformation to the demand for nonfat dry milk. 
Nonfat dry milk 
In the plot of CUSUMSQ re cursive residuals for nonfat dry milk , 
N1 , N2 , NJ, and N4 are four break points where the coefficients of 
the demand function may change. The corresponding values of the 
independent variables at N1, N2 , NJ, and N4 are presented in Table J. 
These points are the break points of the linear spline transformation 
applied to nonfat dry milk demand model. Following the transformation 
procedure discussed in the previous chapter and repeating the 
procedure for all applicable independent variables, a linear spline 
demand function for nonfat dry milk can be expressed . The independent 
variables of this transformed equation are denoted as: 
PFI: real price of fluid milk, 
PFI2: the values of PFI greater than 0.0509178, 
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Table 3. Break point values for linear spline equation in nonfat 
dry milk 
Independent variable 
Points PNI PFI PEI PWI YI 
Nl 0 . 191397 0.0509178 0.0379888 0.385954 20.5064 
N2 0.214026 0 . 0534608 0.0401639 0.399089 28 . 5064 
N3 0 . 260974 0 . 0552712 0.0412718 0 . 458700 30 . 6074 
N4 0 . 363408 0 . 0561097 0 . 0471853 0 . 481546 33 . 6285 
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PFI3: the values of PFI greater than 0.0534608 , 
PFI4: the values of PFI greater than 0.0552712 , 
PFI5: the values of PFI greater than 0 . 0561097, 
PEI: real price of evaporated milk, 
PEI2: the values of PEI greater than 0:0379888 , 
PEI3: the values of PEI greater than 0.0401639, 
PEI4: the values of PEI greater than 0.0412718, 
PEIS: the values of PEI greater than 0 .0471853, 
PNI: real price of nonfat dry milk, 
PNI2: the values of PNI greater than 0 .191397' 
PNI3: the values of PNI greater than 0 . 214026, 
PNI4: the values of PNI greater than 0 . 260974, 
PNI5: the values of PNI greater than 0.363408 , 
PWI: real price of PWI, 
PWI2: the values of PWI greater than 0.385954, 
PWI3: the values of PWI greater than 0.399089, 
PWI4: the values of PWI grea ter than 0 . 458700, 
PWI5: the values of PWI greate r than 0.481546 , 
YI: real per capita income, 
YI2 : the values of YI greater than 20.7731, 
YI3 : the values of YI greater than 28.5064 , 
YI4: the values of YI greater than 30 . 6074, and 
YIS : the values of YI greater than 33.6285. 
Table 4 contains the transformed variables, the estimated 
coefficients, and the corresponding t-ratios from the results of the 
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Table 4 . Es t imat ed coefficien ts of linear spline demand equa t ion i n 
nonfat dr y milk 
Coefficient t - value 
Constant -10440 - 0 . 772 
PNI - 9223 - 1.682 
PNI2 19202 1.090 
PNI3 - 18293 - 0 .912 
PNI4 28103 0 . 493 
PNI5 - 73693 - 0 . 439 
PFI -44311 - 0.101 
PFI 2 - 86555 - 0 .193 
PFI3 69109 0 . 439 
PFI4 - 171273 - 0.211 
PFI5 110878 0 .108 
PEI 150106 0 .335 
PEI2 64353 0 . 184 
PEI3 -105057 -0.227 
PEI4 -172654 -0 . 347 
PEI5 0 0 
PWI 3225 0 .168 
PWI2 -15998 -0 . 268 
PWI3 14205 0 . 348 
PWI4 - 6768 -0 . 196 
PWI5 32288 0.442 
YI 417 1.019 
YI2 -442 -1.182 
YI3 128 0.458 
YI4 - 936 - 0.409 
YI 5 0 0 
R2 0.9980 
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regression analysis. These results show a very high R2 and all of the 
coefficients are not significantly different from zero at the 10 percent 
significance level. These results provide evidence of no slope changes 
in the nonfat dry milk demand equation for all variables . Thus , the 
null hypothesis that no discrepancy among coefficients of an independent 
variable for the spline demand equation is not rejected. In addition, 
the coefficients on PEIS and YIS are exactly zero since the number of 
observations for the fifth interval of variables PEI and YI is only 
one. This occurs since the value of break point for the variables PEI 
and YI is the biggest of all values of PEI and YI. Therefore, the 
slope of the spline over the fifth interval is no different from the 
slope of the fou r th segment. The coefficients on the variables PEIS 
and YIS represent the change in the slope from interval 4 to interval 5 
and is zero . 
Results of the Chow Test 
So far, attention has focused on the changes in the individual 
coefficients . It is possible that the effect of an individual 
coefficient change may be offset or reinfor ced by changes in the 
coefficients of the other independent variables. It is a l so possible 
that the demand equation may be uns t able in the effects of other 
exogenous fac t ors . Therefore, we consider the Chow test to examine 
the s t ability of the overall regression rather than the stability of 
individual coefficients. 
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According to the description in Chapter III, the Chow test needs 
a priori information about the points of instability in order to test 
for structural change. The plots of the CUSUMSQ test shown in Figures 5 
through 8 indicate that the points El, E2 and Nl, N2 divide the overall 
sample period int o three intervals for evaporated milk and the nonfat 
dry milk, respectively, while also indicating stability of the demand 
for fluid and dry whole milk . The Chow test is a statistical me thod 
to test for the equality of two linear regressions. In this section, 
we first test the stability of the evaporated milk and nonfat dry milk 
demand relationships between the first and second periods , then examine 
the stability of these relationships between the second and third 
time periods. 
Demand fo r evaporated milk 
The points El a nd E2 divide the sample period into three segments: 
1940-1951, 1952-1966, and 1967-1979 . First, we examine whether the 
regression from the 1940-1951 period is different from the regression 
from the 1952-1966 period . We then examine whether the t wo sets of 
observations from the 1952-1966 period and the 1967-1979 period can be 
regarded as belonging t o the same regression model. 
The results of the regression analyses for the separate time 
periods are presented in Table 5. The estimated own price coefficients 
have the expected signs and significant t - ratios. All of the regression 
2 equations have the high R 's except for the 1940- 1951 period . The 
estimated income coefficients have negative signs . A reasonable 
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conclusion based on these results is that evaporated milk is an 
inferior good. A Durbin-Watson (DW) statistic is inappropriate for 
sample sizes smaller than fifteen; it was computed for only four of 
the estimated equations. The DW statistic for the 1952-1979 period 
(1.540) was within the inconclusive range of 0.83 and 1.62 . The other 
three DW statistics indicated that the null hypothesis of no 
autocorrelation was not rejected. 
The error sum of squares and the computed F statistics for the 
Chow test a re shown in Table 6. The values of F obta ined by comparing 
the first 12 observations with the second 15 observa tions is 1.265 
with 6 and 15 degrees of f reedom . The correspondin g tabled F with a 
5 percent s i gnificance level is 2 .79 . Thus, the computed value of F 
is not significant at the 5 percent level and we do not reject the 
hypothesis that the relationship is stable. The value of F computed 
by comparing the middle 15 observations with the last 13 observations 
is 1.36 with 6 and 16 degrees of freedom . Sin ce 1.365 is smalle r than 
the critical F value obtained from the F tables wi t h a 5 percent 
significance level, we do not reject the null hypothesis that no 
s tructural chan ge occurred over these two periods. The r efore, the data 
indicates that no change in the structur e of demand for evapor ated 
milk occurred during the 1940-1979 time period . 
Demand fo r nonfat dry milk 
The analysis of the nonfat dry milk data using the CUSUMSQ test 
procedure resulted in two break points, Nl and N2 , which divided the 
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Table 6. Computed F value of Chow test for evaporated milk 
Period I : 1940- 1951 
Period II : 1952- 1966 
Period III : 1967-1979 
ESSI 7.13059 
ESSII = 1.14141 
SU ESSI + ESSII 8 . 54472 
ESSI II = 12.86853 
• 
(SR-SU) / d . f.R- d.f.U 
su/ d . f.u 
6 6 
F(15) = 1 . 265 < Fc( 15) = 2 . 79 
ESSII = 1.14141 
ESSIII = 0 . 54058 
t 2 = 15 
r 3 = 13 
SU = ESSII + ESSIII = 1.95471 
SR = ESSII III= 2 . 95527 
• 
(SR- SU) / d.f.R-d . f .U 
su/d.f . u 
d.f.u = 21- 12 = 15 
d . f .R = 27- 6 = 21 
d.f. u = 28-12 = 16 
d . f .R 28- 6 = 22 
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t otal sample period into three segments, 1940-1955, 1956- 1964, and 
1965- 19 79 . Similar t o the preceding discuss i on, we f irst test fo r the 
stability between the two regression equations for time periods 
1940- 1955 and 1956- 1964, then for time periods 1956- 1964 and 1965- 1979. 
Six demand equations for nonfat dry milk were estimated for the 
different time pe riods. The results of the regression analyses are 
given in Table 7. 
2 
In general , the R 's are high , and t he estimated 
own price a nd income coefficients have the expected signs . The DW 
statistic was also computed for each of the equations estimated, except 
fo r the 1956- 1964 equation. The DW values of 2 . 263 for the 1940- 1955 
period, 2 . 652 fo r the 1965- 1979 per i od , 1 .953 fo r the 1956- 1979 
period , a nd 1 . 757 fo r the 1940-1979 period resu l ted in the nonrejection 
of the null hypothesis of no positive or negative autocorrela tion . For 
the equation fo r the 1940-1964 period , howeve r, there is incon clusi ve 
evidence of serial correlation on the basis of comput ed DW s t atis t ics . 
Following the pr ocedure developed for t he Chow test in the 
previous chapter, the F s tatistics are cal cula ted under the two 
different null hypo theses and a re pr esented in Table 8 . The results of 
the F tests presented i ndicate that we re ject the null hypothesis 
at the 5 percent significance level for the 1940-1955 a nd 1956-1964 
periods , implying that ther e has been signi f i cant structural change in 
demand for nonfa t dry milk during the 1940-1964 time period . The 
F test for the 1956- 1964 and 1965- 1979 time per iods is no t significant 
at 5 percent level . Thus , at the 5 per cent significance level , there 
appea rs t o be no struc tural change f r om period II (1956- 1964) to 
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Table 8 . Computed F value of Chow test for nonfat dry milk 
Period I: 
Period II : 
Period III: 
1940-1955 
1956-1964 
1965- 1979 
ESS
1 = 46811.58278 T = 1 
ESSII = 8010 . 34132 T2 
SU = ESS1 + ESSII = 54821.92409 
SR = ESS1 II = 132300 . 38604 
' 
ESSII = 8010 . 34132 
ESSIII = 42109 . 30298 
SU= ESSII + ESSIII = 50119 . 64429 
SR= ESSII,III = 113876.40400 
(SR-SU) / d.f.R-d . f .U 
su / d . f .u 
6 6 = F(12) = 2.544 < Fc( 12) = 3 .00 
16 
9 
d . f .u = 25- 12 = 13 
d . f.R = 25- 6 = 19 
d . f .u 24- 12 = 12 
d. f .R = 24-6 = 18 
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Table 8 . Continued 
SU= ESSI + ESSII III= 160687.9867 
• 
SR = ESSI II III = 428391.366191 
• • 
F = I,II , III 
(SR-SU)/d .£.R-d . f .U 
su/d . f .u 
d.f.u = 40-12 = 28 
d.f .R = 40- 6 = 34 
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period III (1965-1979) . The regression equations for these different 
periods can be regarded as a single regression model. Hence, it is 
appropriate to present a demand equation which is estimated from the 
observations during the periods 1956-1979. Moreover, we would like 
to test whether the regression equation for period I (1940- 1955) 
has the same form with the reestirnated equation for periods II and 
III (1956-1979). The F value for this test is significant, and this 
result implies structural changes in the nonfat dry milk demand 
equations over the sample period . 
Comparison of Coefficients Among Periods 
The responsiveness of quantity demanded t o prices and income, 
evidently have not been cons t ant over the sample period for evaporated 
milk and nonfat dry milk. The elastici t y coefficients from these 
demand relationships are shown in Table 9 . 
The direct own price elasticities of evaporated milk increased, 
and the demand was more price elastic toward the end of the sample 
period than at the beginning. This suggests that evaporated milk 
consumption has become more i nfluenced by own prices in the last few 
years . In the case of nonfat dry milk, the demand was more price 
elastic in the middle than either end of the sample period . 
As measured by the signs and magnitudes of cross elasticities, 
four basic changes in the demand interrelations are evident over the 
sample period. First, as exhibited by the cross elasticities of the 
evaporated milk price on nonfat dry milk consumption, there were 
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structural shifts from a complementarity to a substitution relationship 
in the middle of the sample period. Second, the impact of the dry 
whole milk price on evaporated milk consumption shifts from a 
substitution to a complementarity relationship. Third , some of the 
shifts are unstable, as in the case of the impact of the nonfat dry 
milk price on evaporated milk consumption and the impact of the fluid 
milk price on nonfat dry milk consumption . Finally, there were 
nondirectional changes in the magni tudes of cross elasticities. The 
increase in the elasticity of evaporated milk consumption, with respect 
to the fluid milk price, indicates that evaporated milk consumption has 
become more influenced by fluid milk prices i n the latter years. 
The income elasticities of demand for evaporated milk increased, but 
those of nonfat dry milk demand declined. Overall , the largest 
elasticity changes occurred in the demand for nonfat dry milk from 
period I t o II . 
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CHAPTER V. ACCURACY OF CONSUMPTION FORECASTS 
If the demand structure has changed, the estimated demand 
equation would be a hybrid applicable to neither the period before, nor 
after the structural change (Tomek and Robinson, 1972, p . 305). For 
consumption analysis purposes, accurate estimation and a clear 
understanding of past relationships between quantities and prices is 
important . Therefore, the evaluation of the predictive ability of a 
estimated equation can also support the hypothesis of structural change . 
From the results of the previous chapter, it appears that the 
structural change has occurred in the demand for nonfat dry milk . The 
demand equations for different time periods (before and after the 
structural change and entire period) have been estimated. In this 
chapter, we will evaluate the forecasting accuracy of these different 
demand equations to provide other evidence of structural change. 
A number of measures are commonly used t o evaluate forecasting 
accuracy, such as Theil's U accuracy statistic (Madalla, 1977), 
mean-square error (Madalla, 1977), root-mean-square simulation error 
(Pindyck and Rubinfeld , 1981) , and root - mean-square percent simulation 
error (Pindyck and Rubinfeld, 1981). In this section, we measure the 
accuracy of forecasts by the me ans of RMS error, RMS percent error, 
and Theil's inequality coefficient. First , we define these measures, 
and then we analyze the empirical results to evaluate the accuracy of 
consumption forecasts of the different demand equations for nonfat 
dry milk. 
as 
where 
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Root-mean-square Simulation Error 
The RMS simulation error for the dependent variable CNt is defined 
CNtp 
CNta 
RMS error = 1 T 
T 
E 
t=l 
2 
(CNtp - CNta) 
predicted value of CN, 
actual value of CN, and 
T = number of predicted values . 
The RMS is thus a measure of the deviation of the predicted 
variable from its actual time path. The magnitude of this error could 
be evaluated relative to the average size of the variable in question. 
Root-mean-square Percent Simulation Error 
Another simulation error statistic is the RMS percent simulation 
error, which is defined as 
RMS percent err or = 1 T 
T 
E 
t=l 
2 
(CNtp - CNta) 
CNta 
This measures the deviation of the simulated variable from its 
mean in percentage terms . 
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Theil's Inequality Coefficient 
This statistic is defined as 
1 
T 2 E (CNtp - CNta) 
T t=l u 
1 T (CNtp) 2 1 
T 
(CNta) 2 E + E T t=l T t=l 
where the numerator of U is the RMS simulation error, but the 
denominator is such that U will always fall between 0 and 1 . If U=O, 
CNta = CNtp for all t, and the model has perfect predictive ability . 
If U=l, on the other hand, the regression equation has no for ecasting 
ability. 
Comparison of Consumption Forecasting Accuracy 
Consumption predictions using nonfat dry milk demand equations for 
different time periods are shown in Table 10. The computed measures of 
forecasting accuracy, discussed in the previous section, are shown 
in Table 11. 
From the results of CUSUMSQ test over time, we knew that 1955- 56 
and 1964-65 were two break points where structural change in the demand 
for nonfat dry milk might possibly have occurred. The Chow test 
provided additional evidence that structural change in the demand for 
nonfat dry milk occurred in 1955-56. Therefore, the estimated 
equation for the 1956- 1979 period presents the demand equation for nonfat 
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59 
dry milk after the structural change, and the estimatPd equation for 
the 1940- 1955 period estimates the demand equation before the structural 
change . 
According to the results of Table 11, the values of the three 
different forecast accuracy measures for the demand equation estimated 
for the 1956-1979 period are the smallest. -It appears that the demand 
equation estimated af ter the structural change has the greatest 
forecasting accuracy . This evidence supports the conclusion that a 
structural change occurred in 1955- 56 for nonfat dry milk demand . The 
forecasting accuracy for the 1965-1979 estimated demand is greater than 
the forecasting accuracy for the 1956-1979 estimated demand . This 
result supports the hypothesis that no structural change occurred at the 
1964-65 break point. This conclusion does not disagree with the result 
of the Ch ow test presented in the preceding chap ter. 
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CHAPTER VI . SUMMARY AND CONCLUSIONS 
The purpose of this study was to apply statistical techniques to 
empirically analyze structural change in the retail demands for milk 
products. The approach assumed that retail demand f unctions for f luid 
milk , evaporated milk, nonfa t dry milk , and dry who l e milk a r e linear 
fu nctions . The conclusions reached in this study by means of the 
CUSUMSQ test indicate t hat break points in each commodi t y 's own price 
cannot be found for all milk pr oducts in this study, except non fa t dry 
milk, and that the demand relationships are stable for fluid milk and 
dry whole milk over the entire time period of analysis. Moreover, the 
possible break points over price va r iable fo r nonfat dry milk and the 
possible points over time period a t which s tructural change in the 
demand for evaporated milk and dry whole milk occurred were also 
estimated by means of the CUSUMSQ test. Based on the CUSUMSQ test, the 
results of the Chow test identified structural change t o have occurred 
fo r nonfa t dry milk in 1955-56, but structural change did not occur in 
the demand for evaporated milk . Evidence presented by the linear 
spline transformation supports the conclusion of no individual 
coefficient changes in the non fa t dry mi lk demand equations. Thus, 
i ndependent variables are not the factor s of the structural change . 
The structural change over all equa tions ar e the effects of the 
exogenous fac t ors. 
Own price , cross price and income elas ticities for periods between 
the points of changes were computed . Within our analytical framework, 
61 
it is evident that the demand interrelationships, and the price and 
income responses of evaporated milk and nonfat dry milk have changed 
considerably within the sample period . In particular, the empirical 
results suggest that the own price, cross price, and income elasticities 
of demand for nonfat dry milk have a great discrepancy between the 
1940- 1955 and 1956- 1964 periods. This result does not disagree with 
the conclusions of the Chow test. 
One final result from the evaluation of accuracy of consumption 
forecasts indicated that for nonfat dry milk demand, the regression 
equation estimated after the 1955-56 break point has the smallest 
RMS error, RMS percent error, and Theil ' s U values. The reasonable 
conclusions are that structural change in the demand for nonfat dry milk 
occurred in 1955-56, but not in 1964-65 . The result of the Chow test 
is consistent with this conclusion. 
Although the discussion in this paper has been limited to a linear 
demand model, we can extend the investigation for structural change to 
other kinds of functional forms. The demonstration of statistical 
analysis for structural change in this study was illustrated with the 
four specified milk products . For further extensions of this research, 
we can apply the method which was developed in this study to other 
products. Moreover, an area of f urther research may be to find the 
relative factors which affect the behavioral relationships to explain 
the reasons for this structural change. 
1. 
62 
BIBLIOGRAPHY 
Br aschler, C. "The Changing Demand Structure 
the 1970s : Implications for the 1980s . " 
Agricultural Economics (December 1983): 
for Por k and Beef i n 
Southern Journal of 
105- 110 . 
2 . Brown, R. L., J . Durbin and J . M. Evans. "Techniques for Testing 
the Consistency of Regression Rela tionships Over Time ." 
Journal of Royal Statistical Society (Series B) 37 (1975) : 
149- 163 . 
3. Chavas , Jean-Paul . "S tructural Change in the Demand for Meat . " 
American Journal Agricultural Economics 65 (February 1983): 
148- 153. 
4. Chow, Gregory C. "Tests of Equality Between Sets of Coefficients 
in Two Linear Regressions." Economet rica 28 (July 1960): 
561- 605 . 
5 . Cooley, T. P . and E. C. Pr escott. "Systemat ic (Non-Random) 
Variation Models Var ying Parameter Regression : A Theory and 
Some Applications ." Annals of Economic and Social Measurement 
2 ( 19 7 3) : 46 3- 4 7 3 . 
6 . Durbin , J . "Tests for Serial Correlat ion in Regression Analysis 
Based on the Periodogr am of Least-squares Residuals . " 
Biometr i ka 56 (1969): 1- 15. 
7 . Far ley , J. V. and M. Hinich. 
Coefficient in a Linear 
St a tistical Association 
"Testing fo r a Shifting Slope 
Model . " Journal of American 
65 (September 1970): 1320-1329 . 
8 . Fisher, Franklin M. "Tests of Equality Between Sets of 
Coeffic i ents in Two Linear Regressions: An Expository Note ." 
Econome trica 38 (March 1970): 361- 366 . 
9 . Goldfeld , Stephen N. and Richard E. Quanat. "The Estimation of 
Structural Shifts by Switching Regressions . " Annals of 
Economic a nd Social Measurement 2 (1973) : 475- 485 . 
10. Madalla, G. S. Econometrics . New Yo r k: McGraw Hill Book 
Company , 1977. 
11. Nyankori, J . C. o. and G. H. Miller. "Some Evidence and 
Implica t ions of Structural Change in Retail Demand fo r Meats . " 
Southern Jour nal of Agricultural Economics (December 1982): 
65- 71 . 
63 
12. Pindyck, Robert S. and Daniel L. Rubinfeld . Econometric Models and 
Economic Forecast, Second edition. New York: McGraw-Hill 
Book Company , 1981. 
13. Poirier , D. J. The Econometrics of Structural Change . North-
North-Holland Publishing Company, 1976. 
14. Quandt, R. E. "Estimation of the Parameters of a Linear Regression 
System Obeying Two Separate Regimes." Journal of the American 
St atistical Association 52 (December 1958); 873- 880. 
15 . Quandt, R. E. "Tests of the Hypothesis that a Linear Regression 
System Obeys Two Separate Regimes." Journal of the American 
Statistical Association 55 (1960): 324- 330. 
16. Quandt, R. E. "A New Approach to Estimating Switching Regressions." 
Journal of the American Statistical Association 67 (June 1972) : 
306- 310. 
17. Singh, B. , Nagar, N. K. Chaudhry and B. Raj . "On the Estimation 
of Structural Change: A Generalization of the Random 
Coefficients Regression Model." International Economic Review 
17 (June 1976): 340-361. 
18 . Tomek, W. G. and K. L. Robinson. Agricultural Pr oduct Prices. 
Ithaca: Cornell University Press, 1972 . 
19. USDA. Agricultural Statistics. U.S. Department of Agriculture, 
Washington, D.C., 1940- 1982. 
20. USDA. Food Consumption Prices and Expenditures. U.S . Department 
of Agriculture, Washington, D. C., 1980. 
21. USDC. Statistical Abstract of the U. S. U.S. Department of 
Commerce, Washington , D.C ., 1940-1982. 
22. USDC. Survey of Current Business. U.S . Department of Commerce , 
Washington, D.C., 1940- 1982. 
23. Ward, Ronald W. and Daniel S. Tilley . "Time Varying Parameters 
with Random Components: The Orange Juice Industry." 
Southern Journal of Agricultural Economics (December 1980): 
5- 13. 
64 
ACKNOWLEDGMENTS 
The author wishes t o express her gratitude to Dr. Roger A. Dahlgran 
for providing and guiding this excellent thesis topic . The author a lso 
wishes t o thank the members of her committee for their helpful advice. 
The author would like t o present this thes is t o her parents for 
their continuous support and encouragement throughout her gradua t e study . 
